Charging properties of the silicon / zinc oxide nanoparticle heterostructure
A. A. KURAPTSOVA, A. L. DANILYUK
BELARUSIAN STATE UNIVERSITY OF INFORMATICS AND RAIOELECTRONICS, 6 P.Brovki Street, Minsk, 220013, Belarus
anku21qwerty@gmail.com

INTRODUCTION
Zinc oxide ZnO is a semiconductor with a direct band gap of 3.37 eV at room temperature,
which makes ZnO a promising material for use in many areas, such as photocatalytic water
and air puriﬁcation, photocatalytic water splitting, optoelectronics, gas sensors, gas sensors
[1]. Zinc oxide also has a number of advantages over other materials used in photocatalysis:
low cost, non-toxicity, low reﬂectance in the solar spectrum, the ability to create lowdimensional structures using chemical etching (amphotericity), resistance to high-energy
radiation, ﬂexible changing of electrophysical and optical properties by doping it with various
impurities and controlling the conditions for its production [2]. The implementation of p-type
ZnO is diﬃcult because pure ZnO with a wurtzite structure naturally occurs in the form of an ntype semiconductor. It is caused by oxygen vacancies, excess zinc, and the presence of
hydrogen atoms, [3].
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MODEL
The Si/nanosized ZnO heterostructure
was simulated using the Comsol
Multiphysics software package. A twodimensional diﬀusion-drift model of
the heterostructure with the solution of
the Maxwell system of equations was
used. Properties of silicon [4] and zinc
oxide [5] are shown in the table. The
real and imaginary parts of the
refractive index for silicon and zinc
oxide were set in a table [6, 7].
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RESULTS AND DISCUSSION
The height of the barrier for electrons from the silicon side in the n-Si/n-ZnO heterostructure is
0.133 eV, after passing which they enter the region in zinc oxide enriched with electrons, thereby
creating an excess negative charge at the the oxide nanoparticle zinc boundary (width ≈70 nm).
The barrier for holes in the zinc oxide is 0.092 eV. In the n-Si/p-ZnO heterostructure, the barrier for
electrons in silicon is 0.104 eV, and for holes in zinc oxide it is 0.567 eV. For the p-Si/p-ZnO
heterostructure, these values are 0.028 eV and 0.57 eV, respectively. There are no such barriers
in the p-Si/n-ZnO heterostructure which allows electrons generated in silicon and holes generated
in zinc oxide to ﬂow freely into another semiconductor.
Generation of charge carriers in ZnO occurs at wavelength <375 nm, in silicon at all wavelengths
and it has a peak at ~950 nm. The generation is also observed in silicon under a ZnO particle at a
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